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ABSTRACT: Discovery and understanding of mechanisms for kinetically
controlled growth of metal nanoclusters can be enabled by realistic atomistic-
level modeling with ab initio kinetics. KMC simulation of such a model for Au
deposition on Ag(100) ﬁlms reveals the formation of single-atom-wide Au chains
below 275 K, even though 2D islands are thermodynamically preferred. Chain
formation is shown to reﬂect a combination of strong linear trio attractions
guiding assembly and a weak driving force and slow rate of transformation of 1D
chains to 2D islands (or sometimes irreversible rounding of adatoms from chain
sides to ends). Behavior can also be tuned by quantum size eﬀects: chain
formation predominates on 2-monolayer Ag(100) ﬁlms supported on NiAl(100)
at 250 K for low coverages but not on 1- or 3-monolayer ﬁlms, and longer chains
form than on bulk Ag(100). Our predictive kinetic modeling shows the potential
for simulation-guided discovery and analysis of novel self-assembly processes.
Dramatic advances have been achieved in the experimentalcontrol of nonequilibrium shapes during the synthesis of
metallic nanocrystals or nanoclusters (NCs). These shapes
strongly impact, for example, catalytic or plasmonic properties.
NC self-assembly via solution-phase synthesis or via deposition
onto smooth surfaces can produce: 3D NCs with spherical,
polyhedral, or other shapes (which are truncated for supported
NCs); 2D platelets in solution or monolayer islands on
surfaces; and 1D NC rods, wires, or chains.1−6 For solution-
phase synthesis, a substantial heuristic understanding has been
developed for these kinetically controlled shapes accounting
for, for example, the eﬀect of capping agents on facet energies
and growth kinetics1,2 and the role of inhibited periphery
diﬀusion;3 however, such synthesis is still regarded as art versus
science, and detailed molecular-level understanding is lacking.1
For assembly of epitaxial NCs on crystalline surfaces, a more
detailed understanding has been achieved via atomistic lattice-
gas modeling and kinetic Monte Carlo (KMC) simulation.
Here there is an appreciation that the ﬁner details of periphery
diﬀusion, such as inhibited kink rounding, step edge crossing,
or interfacet transport, strongly impact shape.5,6 Initial
misperceptions regarding factors inducing nonequilibrium
dendritic shapes,5,6 elongated shapes,7,8 and the subtle eﬀect
on shape of additives decorating the NC periphery5,9,10 were
corrected as a result of such modeling.
Our focus in this study is on anisotropic NC shapes familiar
for Au, Ag, and other metals.1,6 Speciﬁcally, we consider
diﬀusion-mediated self-assembly of epitaxial Au NCs by
deposition onto metal surfaces. Nanowires are often formed
by deposition onto anisotropic metal7,8 or semiconductor11,12
surfaces or onto vicinal surfaces where steps direct
assembly;13,14 however, we will demonstrate an alternative
strategy that exploits many-body adatom interactions, anticipat-
ing that linear trio attractions could induce the formation of
atomic chains even on isotropic surfaces. Although many-body
interactions are generally weak,15,16 we show that they are
signiﬁcant for Au and can be tuned (together with other key
energetics) by exploiting quantum size eﬀects (QSEs) to
facilitate anisotropic assembly. QSE in supported metal ﬁlms of
a few monolayers (MLs) is associated with electron conﬁne-
ment, the variation of energetics reﬂecting commensurability of
the Fermi wavelength with nanoscale ﬁlm thickness.17,18
Prominent examples of the inﬂuence of QSEs include the
formation of ultraﬂat deposited Ag ﬁlms19−21 and tunable
nucleation,22 reaction,23 and oxidation24,25 kinetics on thin
metal ﬁlms.
An obstacle to experimental identiﬁcation of optimal surface
systems for anisotropic assembly guided by many-body
interactions and QSE is the many possible combinations of
deposited atoms, metallic thin ﬁlms, and supports. Thus, a
capability for predictive atomistic-level modeling would greatly
facilitate simulation-guided discovery of appropriate systems.
However, a challenge for such modeling is the need to precisely
describe both system thermodynamics and also distinct barriers
for terrace diﬀusion and for edge diﬀusion and corner rounding
for all relevant edge conﬁgurations (barriers to which NC
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formation is exquisitely sensitive).26,27 We implement a
procedure described below to obtain such barriers at the level
of ab initio density functional theory (DFT). These provide
precise input for KMC simulation of the NC assembly
processes on the physical time scale. The Supporting
Information (SI) provides details of our DFT and KMC
analyses.
Another challenge is that most DFT analyses of thin ﬁlms
consider unsupported slabs due to both computational
eﬃciency and uncertainty regarding the ﬁlm-support interface;
however, predictive modeling requires more demanding
analysis for supported ﬁlms with correct interface structure.
Thus, while performing eﬃcient exploratory analysis for
unsupported slabs, we focus on judiciously selected supported
thin ﬁlm systems with known interface structure. In addition,
we select a low-strain system as approaches for eﬃcient precise
determination of various edge diﬀusion barriers in the presence
of signiﬁcant strain are not available.
The speciﬁc systems considered here involve deposition of
Au on Ag(100) thin ﬁlms supported on Al-terminated
NiAl(100),28 and for comparison on freestanding Ag(100)
slabs and bulk Ag(100). The near-perfect lattice match between
fcc Au and Ag, and between Ag(100) and NiAl(100) implies
minimal lateral mismatch strain. (Flat Ag(100) thin ﬁlms on
NiAl(100) can be created by deposition at ∼300 K due to facile
interlayer diﬀusion on Ag(100).6) Surface diﬀusion involves
hopping of Au adatoms between nearest-neighbor (NN) 4-fold-
hollow (4fh) adsorption sites through bridge-site transition
states (TS). DFT analysis ﬁnds terrace diﬀusion barriers for
isolated Au adatoms of Ed = 0.45, 0.55, and 0.50 eV for 1−3
ML supported Ag(100) ﬁlms, Ed = 0.55, 0.54, 0.52, and 0.53 eV
for 2−5 ML Ag(100) slabs, and Ed = 0.53 eV for bulk Ag(100),
respectively. Diﬀusion barriers at island or chain edges are
determined from Eact = Ed + ΦTS − Φinit, where Φinit (ΦTS)
denotes the total lateral interaction energy in the initial state (in
the TS). Φinit (ΦTS) is obtained by summing conventional
(unconventional) ω (ϕ) interactions between the hopping
adatom at its initial site (at the TS) and other adatoms at
nearby 4fh sites.26 See below. Our stochastic KMC simulations
of Au island and chain formation include random deposition of
Au and hopping between NN 4fh sites with probabilities
proportional to the physical rates: F = 0.006 ML/s for
deposition and h = νe−Eact/(kBT) for hopping at surface
temperature T with ν = 3 × 1012/s. We thereby track the
diﬀusion-mediated nucleation, growth and possible coalescence
of islands or chains on the surface (starting from a clean surface
without any preassigned bias in the pathways for NC
formation).
System thermodynamics is determined by ω interactions
between adatoms at 4fh adsorption sites. For fcc(100) systems,
the magnitude of second NN pair- and compact trio-
interactions is usually only ∼10% of NN pair interactions;15
however, we ﬁnd stronger linear trio interactions for Au on bulk
Ag(100), which are further enhanced by QSE for Ag(100) thin
ﬁlms, thereby guiding NC formation. The dominant ω
interactions are NN attractions (ωP1 < 0 for separation d =
a), second NN pair interactions (ωP2 for d = √2a), and also
linear (ωT1) and bent (ωT2) trio interactions. Determination of
barriers for edge diﬀusion also requires a knowledge of ϕ
interactions, with one adatom at the bridge TS for hopping and
other adatoms at nearby 4fh sites. The dominant ϕ interactions
are short-range pairs (ϕP1 for d = √5a/2) and three types of
trios (ϕT1, ϕT2, ϕT3). See Scheme 1 and Table 1 for ω and ϕ
values used in our KMC simulations.
The selected sets of interactions can be calculated directly for
isolated pairs or trios of atoms in a large supercell, but this
neglects some longer-range and many-body interactions. For
our analysis, it is critical that the chosen ω interactions exactly
recover the thermodynamic driving force for conversion of 1D
chains to 2D islands. This is not achieved for any subset of
directly calculated ω values. Thus, instead we use (slightly)
modiﬁed eﬀective ω values that recover exactly DFT values for
the lateral interaction energy per adatom for single-atom wide
chains, E1D, and for a complete 2D adlayer, E2D. We ﬁnd that
E2D < E1D so 2D islands are always thermodynamically
preferred over 1D chains for our systems. In addition, we
determine the lateral interaction energy per atom for a c(2 × 2)
adlayer, Ec(2×2), and for an isolated 2 × 2 square island, Esquare.
Then, eﬀective ω values follow from E1D = ωP1 + ωT1; E2D =
2ωP1 +2ωP2 +2ωT1 + 4ωT2; Ec(2×2) = 2ωP2; and Esquare = ωP1 +
ωP2/2 +ωT2 (see SI).
As a preliminary analysis, we assess ω interactions for Au on
bulk Ag(100) and the dependence on thickness for freestanding
Ag(100) slabs. For bulk Ag(100), the linear trio attraction ωT1
= −0.065 eV is unusually strong relative to the NN pair
attraction ωP1 = −0.201 eV (∼30% versus the typical ∼10%).
Furthermore, ωT1 is enhanced due to QSE in thin Ag(100)
slabs: ωT1 = −0.069,−0.088, −0.102, and −0.087 eV compared
with ωP1= −0.164, −0.111, −0.121, and −0.197 eV for 2−5 ML
Ag(100) slabs, respectively (with ωT1/ωP1 highest for 3−4 ML
slabs). KMC simulations show that these strong ωT1 do guide
the formation of single-atom-wide chains at 250 K, more
prominently on a 4-ML slab than bulk Ag(100); see Figure
1a,b.
Behavior for supported ﬁlms generally diﬀers from that for
unsupported slabs due to strain (absent for Au/Ag/NiAl(100)),
diﬀering chemical environments (a minor eﬀect for ≥2 ML
ﬁlms), and QSE. Electron conﬁnement in metal-on-metal ﬁlms,
a requirement for QSE, can still occur due to a gap or pseudo
gap in the normal direction or just a depletion in the density of
states near the Fermi level (as expected for NiAl); however, one
expects a “phase shift” in the variation of energetics with
thickness relative to that for a freestanding slab.17 Diﬀerent
boundary conditions for the electron wave functions at the ﬁlm-
substrate versus the ﬁlm-vacuum interface produce this shift.
We have performed computationally demanding DFT analyses
of energetics for Ag(100) ﬁlms on Al-terminated NiAl(100).
Indeed, curves for ω versus thickness show the same trends for
Ag(100) slabs and supported ﬁlms but are shifted relative to
each other by 1 to 2 ML. See SI Figure 1. Simulated island and
Scheme 1. Conventional (ω) and Unconventional (ϕ)
Interactions between Au Adatoms Incorporated into KMC
Simulations
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chain distributions are shown in Figure 1c−e for Au deposition
at 250 K on 1−3 ML supported Ag(100) ﬁlms. Short chains
form in all systems at 0.01−0.02 ML; however, by 0.04 ML,
prominent formation of longer chains occurs only for 2-ML
supported ﬁlms, with a tendency to form 2D islands on 1- and
3-ML ﬁlms. This behavior does not simply correlate with the
strength of ωT1.
One can also assess the T dependence of self-assembly. For
suﬃciently high T, thermodynamics should dominate produc-
ing 2D islands. For lower T, inhibited terrace diﬀusion should
limit chain length or 2D island size. These expectations are
conﬁrmed by the KMC simulation results shown in Figure 2 for
2-ML supported ﬁlms and bulk Ag(100). In both cases, 2D
islands dominate at 275 K. Chain length grows upon increasing
T from 225 to 250 K, especially for 2-ML supported ﬁlms
where 2D islands also form at 250 K.
To provide a deeper understanding of the essential features
controlling chain self-assembly, we now go beyond just
reporting KMC results to dissect the kinetics of key processes
controlling behavior.
Chain End-to-Side Edge Dif fusion. Previous studies of chain
formation on anisotropic fcc(110) surfaces suggested that a key
factor is anisotropic corner rounding (facile edge diﬀusion from
chain sides-to-ends and inhibited diﬀusion from ends-to-sides)
and inhibited detachment from chain ends (thereby blocking
reattachment on sides).8,29,30 Earlier studies incorrectly
identiﬁed anisotropic terrace diﬀusion as key.7 Thus, here we
characterize edge diﬀusion in Figure 3a and Table 2. The
barrier, Es, for diﬀusion along chain sides is always much lower
than Ed, and the barrier, Es→e, for side-to-end rounding is much
lower than that for end-to-side rounding, Ee→s. Thus, corner
rounding is anisotropic. Of particular relevance is the rate for
the slowest end-to-side rounding process, he→s = νe
−Ee→s/(kBT)
relative to the typical rate kagg = F/Nch for aggregation of
deposited adatoms with individual chains for chain density Nch.
Naturally, kagg will exceed he→s at the onset of deposition where
Table 1. ω and ϕ Interactions (in eV) Used in KMC
Simulations for Au on 1−3 ML Supported and 4 ML
Unsupported Ag(100) Films and Bulk Ag(100)
1 ML/NiAl 2 ML/NiAl 3 ML/NiAl 4 ML ∞ ML (bulk)
ωP1 −0.276 −0.131 −0.183 −0.121 −0.201
ωP2 −0.006 +0.052 +0.047 +0.071 +0.030
ωT1 −0.103 −0.115 −0.104 −0.102 −0.065
ωT2 +0.062 +0.011 +0.011 −0.001 +0.016
ϕP1 −0.335 −0.237 −0.211 −0.130 −0.141
ϕT1 +0.244 +0.105 +0.100 +0.078 +0.044
ϕT2 +0.043 −0.013 −0.032 −0.031 −0.012
ϕT3 −0.055 −0.056 −0.073 −0.086 −0.031
Figure 1. KMC simulations for Au island and chain formation by Au deposition at 250 K on: (a) bulk Ag(100); (b) 4-ML Ag(100) slab; and (c−e)
1−3 ML Ag(100) supported on Al-terminated NiAl(100) at Au coverages of 0.02 and 0.04 ML. Image size: 28.9 × 28.9 nm2.
Figure 2. KMC simulations for Au island and chain formation by Au
deposition at three diﬀerent temperatures (225, 250, and 275 K) on
(a) bulk Ag(100) and (b) 2-ML Ag(100) thin ﬁlm supported by Al-
terminated NiAl(100) at Au coverage of 0.05 ML. Image size: 28.9 ×
28.9 nm2.
Figure 3. (a) Adsorption site and TS energies around the periphery of
an Au chain. Atom-tracking KMC results for Au deposition with
yellow (red) atoms deposited ﬁrst (second) on: (b) 2-ML Ag(100)
ﬁlm supported by Al-terminated NiAl(100) and (c) bulk Ag(100).
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Nch is low, so edge-to-side rounding is eﬀectively irreversible
promoting initial chain formation; however, for 1−3 ML
supported ﬁlms (and for freestanding slabs), the rate for the
slowest end-to-side rounding process, he→s at 250 K, is well
above the typical kagg ≈ 1.5−6/s for Nch ≈(1−4) × 10−3/site at
coverage 0.04−0.1 ML with F = 0.006 ML/s. Thus, end-to-side
rounding is facile on the time scale of chain growth. In contrast,
this is not the case for Au on bulk Ag(100). Finally, the rate for
detachment from chain ends, hdet = νe
−Edet/(kBT) with Edet = Ed −
ωP1 − ωT1 (well above Ee→s), is always very low on the time
scale of deposition, so this process is inactive.
Additional insight comes from “atom tracking” KMC.29,31
See Figure 3b,c. Here initially deposited Au atoms are colored
yellow and subsequently deposited atoms are red. With no
detachment or end-to-corner rounding, the center of chains
would be yellow and the ends red; however, simulations for 2-
ML supported ﬁlms reveal color mixing. This reﬂects active
end-to-side rounding: earlier deposited yellow atoms leave
ends, just aggregated red atoms then join ends, and the gold
atoms subsequently rejoin the end by side-to-end rounding. We
ﬁnd signiﬁcantly less color mixing for Au deposition on bulk
Ag(100) consistent with irreversible side-to-corner rounding.
To summarize, Au chain formation on bulk Ag(100) derives
from eﬀectively irreversible side-to-end rounding (Ee→s = 0.643
eV) and negligible detachment from chain ends (Edet = 0.796
eV). For other systems, end-to-side rounding is facile (but not
end detachment) except for very low coverage, and we propose
that diﬀering behavior partly derives from diﬀering driving
forces, ΔE1D→2D = E2D − E1D, for the formation of 2D islands
from 1D chains; see Table 2. Speciﬁcally, those cases with the
most prominent chain formation have the weakest driving
force, but because end-to-side rounding is facile for 1-ML
supported ﬁlms, how can chains survive conversion to
thermodynamically preferred 2D islands?
Transformation f rom 1D Chains to 2D Islands. Chain survival
when end-to-side rounding is facile must reﬂect the feature that
there is a signiﬁcant eﬀective barrier for the transformation of
1D chains into hybrid 1D-2D structures and ﬁnally into 2D
islands. This transformation involves stochastic evolution in the
complex space of possible nanocluster conﬁgurations. Thus, it
is convenient to consider a simpliﬁed scenario wherein a long
chain transforms to hybrid 1D−2D structures,{m}, by moving
various numbers, m, of atoms from one end to one side (so m is
the “reaction coordinate”). The energy cost, ΔE{m}, increases
from ΔE{0} = 0 over the eﬀective barrier before decreasing like
ΔE{m} ≈ mΔE1D→2D < 0, for large m. Larger |ΔE1D→2D| makes it
more likely that the “biased walk” through conﬁguration space
will evolve to a 2D island versus returning to the chain. To
concretely illustrate this behavior, consider the special subset of
conﬁgurations where m = n(n − 1) atoms at the end of a long
chain are moved to form an n × n square located at the end of
the chain; see Figure 4a. One can show that
ϵ ϵ ϵΔ = Δ = + − + − ≥×E E n n n( 2) ( 2) , for 2m n n{ } 0 1 2 2
where ϵ0  ΔE2×2 =ωP1 +3ωP2 − 2ωT1 +5ωT2, ϵ1 = 2ωP1 +
4ωP2 + 8ωT2, and ϵ2  ΔE1D→2D  E2D − E1D = ωP1 + 2ωP2
+ωT1 + 4ωT2. The variation of ΔEn×n with n for supported ﬁlms
is shown in Figure 4b and mimics classic 2D nucleation
theory.32 From Table 2, it is clear that ΔE{m} =ΔEn×n both
increases most strongly from ΔE{0} = 0 and has the weakest
large-m decrease to negative values for 2-ML-Ag/NiAl (and for
4-ML slabs) versus 1-ML- and 3-ML-Ag/NiAl. The extent of
increase reﬂects the strength of both linear trio attractions and
of second NN pair and bent trio repulsions. Thus, the
transformation to 2D islands is most diﬃcult in the ﬁrst two
cases.
The above analysis shows explicitly energetics of the 1D to
2D transformation pathway only for a special subset of
conﬁgurations; however, there is some evidence from
simulations that these conﬁgurations are relevant for the
transition to 2D islands. Thus, the above behavior might reﬂect
the minimum energy path through the complex conﬁguration
space but likely also reﬂects trends in energetics for more
complex pathways. Note also that relative to the above quasi-
equilibrium analysis, evolution from 1D chains to 2D islands is
Table 2. Top Rows Report Key Barriers for Terrace (Ed), Straight Edge (Es), End-to-Side (Ee→s), Side-to-End (Es→e) Diﬀusion,
and Detachment from Chain Ends (Edet)
a
1 ML/NiAl 2 ML/NiAl 3 ML/NiAl 4 ML ∞ ML (bulk)
Ed 0.449 0.553 0.501 0.515 0.530
Es = E8 − E9 0.261 0.267 0.276 0.394 0.437
Ee→s = E4 − E1 0.536 0.549 0.545 0.577 0.643
Es→e = E4 − E5 0.371 0.423 0.430 0.476 0.562
Edet = Ed − E1 0.828 0.799 0.788 0.738 0.796
ϵ2  ΔE1D→2D −0.143 −0.098 −0.149 −0.085 −0.142
ϵ1 −0.080 +0.034 −0.090 +0.034 −0.154
ϵ0  ΔE2×2 +0.222 +0.310 +0.221 +0.291 +0.099
aLower rows relate to the energy cost ΔEn×n = ϵ0 + (n − 2)ϵ1 + (n − 2)2ϵ2 to shift n(n − 1) adatoms from the chain end to the side, creating an n ×
n square at the chain end. Note that ϵ2  ΔE1D→2D  E2D − E1D gives the preference for 2D islands over 1D chains, and ϵ0  ΔE2×2 gives the
energy cost for a creating a 2 × 2 square at the chain end. For meanings of E1, E2, ..., and E9, see Figure 3a.
Figure 4. (a) Schematic for shifting n(n − 1) adatoms from a chain
end to the side creating an n × n square. (b) Energy cost ΔEn×n versus
n comparing Au on 1-, 2-, and 3-ML Ag(100) on Al-terminated
NiAl(100).
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enhanced by deposition, which creates a supersaturation of
adatoms on chain sides. This feature should facilitate the
formation of new rows in 2D structures.
In summary, unusually strong linear trio attractions are
shown to drive the formation of single-atom wide Au chains on
bulk Ag(100) and also on certain Ag(100) thin ﬁlms sometimes
enhanced by QSE. This behavior is demonstrated by KMC
simulations of a predictive atomistic model with ab initio
kinetics; however, deeper understanding of this behavior
follows from a targeted analysis of kinetics of key edge
diﬀusion and 1D-to-2D NC transformation processes. For Au
deposited on bulk Ag(100), side-to-end rounding is eﬀectively
irreversible, naturally inducing chain formation. For Au
deposited on thin Ag(100) ﬁlms, modiﬁed energetics due to
QSE impact chain formation. Often end-to-side rounding is
facile, so chain formation and survival here is more subtle,
reﬂecting an eﬀective barrier for transformation from 1D to 2D
structures.
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(18) Han, Y.; Ünal, B.; Jing, D.; Thiel, P. A.; Evans, J. W.; Liu, D.-J.
Nanoscale “Quantum” Islands on Metal Substrates: Microscopy
Studies and Electronic Structure Analyses. Materials 2010, 3, 3965−
3993.
(19) Smith, A. R.; Chao, K.-J.; Niu, Q.; Shi, C.-K. Formation of
Atomically Flat Silver Film on GaAs with a “Silver-Mean” Quasi
Periodicity. Science 1996, 273, 226−228.
(20) Luh, D.-A.; Miller, T.; Paggel, J. J.; Chou, M. Y.; Chiang, T.-C.
Quantum Electronic Stability of Atomically Uniform Films. Science
2001, 292, 1131−1133.
(21) Han, Y.; Unal, B.; Qin, F.; Jing, D.; Jenks, C. J.; Liu, D.-J.; Thiel,
P. A.; Evans, J. W. Kinetics of Facile Bilayer Island Formation at Low
Temperature: Ag/NiAl(110). Phys. Rev. Lett. 2008, 100, 116105.
(22) Ma, L.-Y.; Tang, L.; Guan, Z.-L.; He, K.; An, K.; Ma, X.-C.; Jia,
J.-F.; Xue, Q.-K.; Han, Y.; Huang, S.; Liu, F. Quantum Size Effect on
Adatom Surface Diffusion. Phys. Rev. Lett. 2006, 97, 266102.
(23) Song, C.-L.; Wang, Y.-L.; Ning, Y.-X.; Jia, J.-F.; Chen, X.; Sun,
B.; Zhang, P.; Xue, Q.-K.; Ma, X. Tailoring Phthalocyanine Metalation
Reaction by Quantum Size Effect. J. Am. Chem. Soc. 2010, 132, 1456−
1457.
(24) Aballe, L.; Barinov, A.; Locatelli, A.; Heun, S.; Kiskinova, M.
Tuning Surface Reactivity via Electron Quantum Confinement. Phys.
Rev. Lett. 2004, 93, 196103.
(25) Ma, X.; Jiang, P.; Qi, Y.; Jia, J.; Yang, Y.; Duan, W.; Li, W.-X.;
Bao, X.; Zhang, S. B.; Xue, Q.-K. Experimental Observation of
Quantum Oscillation of Surface Chemical Reactivities. Proc. Natl.
Acad. Sci. U. S. A. 2007, 104, 9204−9208.
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(28) Lerch, D.; Dössel, K.; Hammer, L.; Müller, S. Point Defects in
the NiAl(100) Surface. J. Phys.: Condens. Matter 2009, 21, 134007.
(29) Ferrando, R.; Hontinfinde, F.; Levi, A. C. Morphologies in
Anisotropic Cluster Growth: A Monte Carlo Study on Ag(110). Phys.
Rev. B 1997, 56, R4406−R4409.
(30) Mottet, C.; Ferrando, R.; Hontinfinde, F.; Levi, A. C. A Monte
Carlo Simulation of Submonolayer Homoepitaxial Growth on
Ag(110) and Cu(110). Surf. Sci. 1998, 417, 220−237.
(31) Han, Y.; Russell, S. M.; Layson, A. R.; Walen, H.; Yuen, C. D.;
Thiel, P. A.; Evans, J. W. Anisotropic Coarsening: One-Dimensional
Decay of Ag Islands on Ag(110). Phys. Rev. B 2013, 87, 155420.
The Journal of Physical Chemistry Letters Letter
DOI: 10.1021/acs.jpclett.5b00636
J. Phys. Chem. Lett. 2015, 6, 2194−2199
2198
(32) Gunton, J. D.; Droz, M. Introduction to the Theory of Metastable
and Unstable States, Lecture Notes in Physics; Springer: Berlin, Vol. 183,
1983.
The Journal of Physical Chemistry Letters Letter
DOI: 10.1021/acs.jpclett.5b00636
J. Phys. Chem. Lett. 2015, 6, 2194−2199
2199
